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OUTLINE OF PROGRAM 

The present  program, covering a phased three-year  per iod ,  r e l a t e s  

t o  t h e  s tudy  of f u e l  c e l l  performance under non-equilibrium condi t ions ,  

s p e c i f i c a l l y  t o  s tudy  t h e  operat ion under pulsed loading with varying 

of f - load  per iods  t o  provide data  i n  t h e  fol lowing genera l  a r eas .  

1. The d e t a i l e d  a spec t s  of e l ec t rode  processes  a t  e l ec t rodes  
operated under non-steady-state condi t ions .  

2. A s tudy  of t h e  non-equilibrium k i n e t i c s  of r e a c t i o n s  
occurr ing  at f u e l  c e l l  e lec t rodes ,  

3. The n a t u r e  of e l e c t r o l y t e  behavior ( t r a n s p o r t  phenomena 
and p o l a r i z a t i o n )  under non-steady-state opera t ion .  

4. A f e a s i b i l i t y  s tudy  f o r  t h e  technologica l  app l i ca t ion  
o f  f u e l  c e l l s  opera t ing  under in t e r rup ted  load f o r  high- 
performance output .  

Since t h e r e  exists a considerable  volume of data  r e l a t i n g  t o  t h e  

hydrogen-oxygen f u e l  c e l l ,  p re l iminary  i n v e s t i g a t i o n s  a r e  being addressed 

t o  t h e  determinat ion of t h e  fundamental a spec t s  of i n t e r r u p t i o n  loading  

of such c e l l s ,  p a r t i c u l a r l y  i n  t h e  determinat ion of t h e  n a t u r e  of t h e  

e l e c t r o d e  process  and t h e  extent t o  which t h i s  con t ro l s  t h e  duty cyc le  

permiss ib le .  To t h i s  end a technique has been developed t o  ensure a 

h igh  degree of r e p r o d u c i b i l i t y  i n  assembling and ope ra t ing  c e l l s  f o r  

t h i s  program. During t h e  course of t h i s  i nves t iga t ion ,  it should be 

p o s s i b l e  t o  determine t h e  f e a s i b i l i t y  of t h e  a p p l i c a t i o n  of  t h i s  tech-  

n ique  t o  improve power generators  by which i n t e r r u p t e d  d.c. can be 

advantageously obtained and transformed t o  any r e q u i s i t e  p o t e n t i a l .  

i s  v i sua l i zed  t h a t  s e v e r a l  c e l l s  cpera t ing  s e q u e n t i a l l y  t o  produce mult i -  

phase output  would be employed i n  such se rv ice .  

advantage of e l imina t ing  t h e  mechanical and e l e c t r i c a l  complication of 

series opera t ion  of i nd iv idua l  f u e l  c e l l  units. 

It 

This has  t h e  f u r t h e r  



From a fundamental po in t  of view, it i s  important t o  determine 

t h e  maximum p u l s e  dura t ion  and load before  which s i g n i f i c a n t  concen- 

t r a t i o n  p o l a r i z a t i o n  develops. I n  a s u i t a b l e  c i r c u i t  which has  now 

been developed under t h i s  program with an a u x i l i a r y  g r id  e l ec t rode  it 

should be p o s s i b l e  t o  determine t h e  time constant  f o r  t h e  development 

of a s p e c i f i c  th ickness  of po la r i za t ion  l a y e r  and 

cons tan t  of i t s  disappearance under both s t a t i c  and dynamic condi t ions.  

This i s  of t h e  utmost importance s ince  a t  t h e  p re sen t  t i m e  t h e  e f f e c t  

of concent ra t ion  p o l a r i z a t i o n  i s  commonly expressed i n  terms of t h e  

d i f fus ion  cons tan t ,  t r a n s p o r t  number and th i ckness  of p o l a r i z a t i o n  

l a y e r  determined from independent experiments and erroneously assumed 

cons tan t  under varying condi t ions of load.  The e f f e c t  of t h i s  p o l a r i -  

za t ion  l a y e r  on t h e  effective i n t e r n a l  impedance of t h e  c e l l  i s  of t h e  

utmost importance and will be measured sepa rac t e ly  by a.c. Kelvin 

br idge.  

equa l ly  t h e  time 

A t  a l a t e r  s t age  in t h e  inves t iga t ion ,  provis ion  will be made f o r  

t h e  incorpora t ion  of a p i e z o e l e c t r i c  device e i t h e r  i n  t h e  e l ec t rode  

assembly o r  i n  t h e  e l e c t r o l y t e  connected t o  a s u i t a b l e  r ing ing  c i r c u i t  

t o  f a c i l i t a t e  t h e  des t ruc t ion  of t h e  concent ra t ion  p o l a r i z a t i o n  l a y e r  

dur ing  t h e  of f -cyc le  per iod.  

reverse p o t e n t i a l  appl ied t o  the e lec t rode  may a l s o  be of  a s s i s t ance .  

It is  f e a s i b l e  t h a t  a d d i t i o n a l l y  a small  

Based on t h e  observat ions and experience der ived from t h e s e  pre-  

l imina ry  s tud ie s ,  an attempt w i l l  be made t o  determine t h e  in t ima te  

na tu re  o f  t h e  non-equilibrium reac t ion  k i n e t i c s  ob ta in ing  i n  f u e l  c e l l s  

of var ious types under load  condi t ions.  

t i g a t e d  and t h e  k i n e t i c s  of t h e  catalyzed e l ec t rode  r e a c t i o n  s tudied .  

Ma te r i a l  balance will be inves- 
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This da ta  will be cor re la ted  with information a v a i l a b l e  from Col- 

l e g e  and AFAPL supported f u e l  c e l l  programs and through t h e  Graduate 

Programs in Mater ia l s  and Cata lys i s .  

and e l e c t r o l y t e  c o n s t i t u t i o n  w i l l  be undertaken and da ta  developed more 

s p e c i f i c a l l y  from t h e  po in t  of view of advancing fundamental knowledge 

and e s t a b l i s h i n g  t h e  f e a s i b i l i t y  of p r e d i c t i n g  optimum ope ra t iona l  con- 

d i t i o n s  f o r  a p a r t i c u l a r  t ype  of f u e l  c e l l .  

F u l l  a n a l y t i c a l  surveys of e l ec t rode  

INTFtODUC T I O N  

I n  t h e  general ized considerat ion of f u e l  c e l l  operat ion,  it i s  

convent ional  t o  r e l a t e  t h e  emf of t h e  i d e a l  f u e l  c e l l  t o  t h e  f r ee  energy 

decrease dur ing  t h e  f u l  c e l l  reac t ion .  Unfortunately,  thi  s r e l a t i o n s h i p  

app l i e s  on ly  under equi l ibr ium condi t ions,  e s s e n t i a l l y  a t  open c i r c u i t ,  

and does n o t  provide a r e a l i s t i c  approach t o  c e l l  operat ion under medium 

t o  heavy load condi t ions.  When opera t ing  i n  t h i s  manner, i n s t ead  of t h e  

usua l  equi l ibr ium thermodynamics, s t eady- s t a t e  cons idera t ions  should be 

appl ied us ing  an Onsager method of ana lys i s .  

t o  expect accura te  p red ic t ion  of f u e l  c e l l  opera t ion  under load  when t h i s  

i s  overlooked. 

t h i n g  but open-circui t  condi t ions  involves  a d e t a i l e d  apprec ia t ion  of 

t h e  e lec t rochemis t ry  of t h e  o v e r a l l  assembly, complicated by e l ec t rode  

and concentrat ion p o l a r i z a t i o n  which almost i n e v i t a b l y  occurs  when t h e  

c e l l  i s  subjected t o  any extensive loading. 

phenomena has  been assumed i n  v i r t u a l l y  a l l  ca ses  so f a r  i nves t iga t ed  

r a t h e r  than  being s tudied  and i d e n t i f i e d  so  t h a t  t h e  s e l e c t i o n  and oper- 

a t i o n  of e l e c t r o l y t e s  must be regarded a s  e s s e n t i a l l y  empir ical .  

It i s  e n t i r e l y  u n j u s t i f i a b l e  

Furthermore, t h e  opera t ion  of  t h e  f u e l  c e l l  under any- 

The na tu re  of t h e  t r a n s p o r t  
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I n  cons ider ing  t h e  d e t a i l e d  fundamental i nves t iga t ion  of f u e l  c e l l  

opera t ion ,  t h e  fol lowing p o i n t s  r equ i r e  s p e c i f i c  a t t e n t i o n .  For any par- 

t i c u l a r  f u e l  and oxidant,  an accura te  knowledge of t h e  r e a c t i o n  k i n e t i c s  

i n  a ca ta lyzed  e l ec t rode  is  e s s e n t i a l .  Much of t h i s  da ta  i s  a l r eady  

a v a i l a b l e  although not  always in a form which can be d i r e c t l y  app l i ed  

t o  f u e l  c e l l  operat ion.  

c a t a l y s i s ,  i n i t i a t e d  a t  B r i s t o l  Universi ty ,  England, and subsequent ly  

developed he re  a t  Alfred and elsewhere, m a t e r i a l l y  a i d s  i n  t h e  s e l e c t i o n  

of s u i t a b l e  ca t a lys t - e l ec t rode  systems p r o p i t i o u s  f o r  t h e  d e s i r e d  reac-  

t i o n  k i n e t i c s .  

urements a r e  capable  of adding very m a t e r i a l l y  t o  d e t a i l e d  knowledge of 

t h e  c a t a l y t i c  process  a t  e l ec t rode /e l ec t ro ly t e  i n t e r f a c e s .  

although important,  this i n  i t s e l f  i s  only  one aspec t  of t h e  e l ec t rode  

d e s i g n  s ince  it i s  a l s o  n e c e s s a r y t o  provide  a high conduct iv i ty  pa th  

t o  t h e  ex te rna l  c i r c u i t  and a l s o  t o  so develop t h e  e l ec t rode  t o  minimize 

t h e  e f f e c t  of wet t ing  and contamination by both e l e c t r o l y t e  and r e a c t i o n  

products .  The l a t t e r  can be most s e r ious  i n  t h e  case  of prolonged opera- 

t i o n  of a c e l l  under heavy load condi t ions where t h e  formation of polymer 

o r  carbon i s  de t r imenta l .  

The c o r r e l a t i o n  between de fec t  s o l i d  s t a t e  and 

It w i l l  be shown i n  t h i s  r e p o r t  t h a t  ga lvanos ta t ic  meas- 

However, 

The e l e c t r o l y t e  commonly adopted f o r  low-temperature opera t ion  has  

been c a u s t i c  po tash  in t h e  concentrat ion range 20% t o  30%. 

demonstrated a t  Alfred,  however, t h a t  carbonate  e l e c t r o l y t e s  a r e e q u a l l y  

s u i t a b l e .  Other e l e c t r o l y t e s  which have been s a t i s f a c t o r i l y  e w l o y e d  

a r e  ac id  phosphate and s a l t s  of organic ac ids  i n  aqueous media. These 

have a l s o  been operated a s  molten s a l t s  i n  t h e  temperature range 150" 

t o  25'0°C. Fur ther  d e t a i l e d  information i s  r equ i r ed  t o  determine t h e i r  

i nd iv idua l  c h a r a c t e r i s t i c s .  Very l i t t l e  accu ra t e  da t a  i s  s o  f a r  a v a i l a b l e  

It has  been 
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r ega rd ing  t h e  exact  electrochemical opera t ion  of t h e  e l e c t r o l y t e s  under 

condi t ions  of high cu r ren t  density.  Prel iminary measurements have been 

made a t  Alfred us ing  an a u x i l i a r y  e l ec t rode  by which means t h e  func t ion  

of t h e  ind iv idua l  e l ec t rodes  under varying e l e c t r o l y t e  condi t ions  can be 

inves t iga t ed  in considerable  d e t a i l  under open-circui t  and load  condi- 

t i o n s .  A wealth o f  most va luable  da ta  can be der ived  by t h i s  means i f  

t h e  load  is appl ied  both a s  a s teady  loading  and a s  an i n t e r r u p t e d  

pulse .  Under t h e  former condition, concentrat ion p o l a r i z a t i o n  and 

e l ec t rode  p o l a r i z a t i o n  both appear and modify t h e  c e l l ' s  opera t ion  

whi le  under t h e  l a t t e r  opera t ing  condi t ions , t h e  concentrat ion p o l a r i -  

za t ion  i s  l i m i t e d ,  if n o t  eliminated. When t h e s e  da ta  a r e  c o r r e l a t e d  

wi th  t h e  a.c. impedance of t h e  c e l l  under load  condi t ions,  an exact  

a n a l y s i s  of opera t ing  c h a r a c t e r i s t i c s  can be achieved from which advan- 

tageous modif icat ions may r e a d i l y  be pred ic ted .  A knowledge of t h e s e  

c h a r a c t e r i s t i c s  over a reasonable  range of temperature w i l l  l e a d  t o  a 

concise  apprec ia t ion  of t h e  fundamental s i g n i f i c a n c e  of e l e c t r o l y t e  

opera t ion .  It has  a l r eady  been es tab l i shed  t h a t  t h i s  approach can 

f a c i l i t a t e  modif icat ion t o  e lec t rodes  t o  optimize t h e  output  from a 

p a r t i c u l a r  f u e l  c e l l .  

I n  va r ious  endeavors t o  sepa ra t e  t h e  ind iv idua l  func t ions  of con- 

c e n t r a t i o n  po la r i za t ion ,  e lec t rode  p o l a r i z a t i o n ,  and conduct iv i ty  e f f e c t s ,  

var ious  i n t e r r u p t e r  techniques have been employed in chemical inves t iga-  

t i o n s  over more than  t h r e e  decades. 

mechanical i n t e r r u p t e r s  , but i n  1937 Hickling2 introduced a technique 

The o r i g i n a l  work of Stern' employed 

'Stern, 0. , Z. Elektrochem. , 30 , 508 (1924). 
2Hickling, A .  , Trans. FaradayToc.  , - 33, 15bO (1937). 
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u s i n g  thyra t rons .  

t i m e ,  and was used by Gray i n  inves t iga t ions  of e l ec t rode  overvol tage 

a t  B r i s t o l  i n  t h e  per iod  1946-1954. 

This technique has  been used ex tens ive ly  s i n c e  t h a t  

A l l  of t h e s e  techniques were e s s e n t i a l l y  square wave i n t e r r u p t e r s  

and have been developed t o  a high degree of p rec i s ion .  

disadvantages,  however, and a r e  complicated in operat ion.  

They have some 

More r ecen t ly ,  

Kordesch and Marko' introduced a simple i n t e r r u p t e r  opera t ing  i n  t h e  

frequency range 30 t o  LOO cycles  p e r  second based on t h e  blocking of  a 

s i l i c o n  r e c t i f i e r  opera t ing  with s inuso ida l  input  vol tage.  The equip- 

ment i s  eminently simple but  does s u f f e r  from some severe l i m i t a t i o n s ,  

t h e  p r i n c i p a l  one being t h a t  t h e  p u l s e  dura t ion  and pu l se  r e p e t i t i o n  

frequency a r e  d i r e c t l y  r e l a t e d  and cannot be independently var ied .  

It has been e s t ab l i shed  by work a t  Alfred t h a t  t h e  a p p l i c a t i o n  of  

u l t r a s o n i c  v i b r a t i o n  e i t h e r  t o  t h e  f u e l  c e l l  a s  a whole o r  t o  an ind i -  

v idua l  e lec t rode  a l s o  a s s i s t s  in breaking down any p o l a r i z a t i o n  l a y e r .  

This can be f a c i l i t a t e d  i n  t h e  case of a p u l s e  loaded c e l l  by a simple 

r i n g i n g  c i r c u i t  and t ransducer  opera t ing  from an induct ive  k ick  developed 

when t h e  load  i s  removed. 

When t h e  e l ec t rode  k i n e t i c s  and e l e c t r o l y t e  s ign i f i cance  f o r  a par-  

t i c u l a r  system a re  reasonably understood, a f u r t h e r  f e a t u r e  becomes 

important.  

in a s i n g l e  c e l l ,  contamination of t h e  e l ec t rode  w i l l  almost i n e v i t a b l y  

be ser ious .  

a t  Sondes P lace  Research Laborator ies ,  i n d i c a t e s  t h a t  r e a c t i o n  i n  a n  

ind iv idua l  u n i t  mst be r e s t r i c t e d  t o  about 255 i n  order  t h a t  no exces- 

sive buildup of product occurs .  

I f  complete combustion o f  t h e  e n t i r e  f u e l  feed i s  undertaken 

Experience i n  many l abora to r i e s ,  p a r t i c u l a r l y  by Chambers 

The tandem opera t ion  of s e v e r a l  u n i t s  

'Kordesch, K .  and Marko, J. Electrochem. SOC. , - 107, 380 (1960). 
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( u s u a l l y  3 t o  4) gives o v e r a l l  combustion e f f i c i e n c i e s  of  70 t o  75%. 

This w i l l  be inves t iga t ed  a t  a l a t e r  s t age  i n  r e spec t  t o  hydrocarbon 

f u e l  c e l l s  f o r  which t h e  galvanostat ic  measurement technique has a l -  

ready been demonstrated a s  providing va luable  prel iminary data .  

A n  important aspect  of f u e l  c e l l s  so  f a r  overlooked i s  t h e  f e a s i -  

b i l i t y  of us ing  them a s  a unique method f o r  t h e  fundamental s tudy of 

non-equilibrium r e a c t i o n  k ine t i c s .  

such processes  accu ra t e ly  by conventional techniques; however, us ing  

a f u e l  c e l l  opera t ing  under load, it i s  poss ib l e  by a d e t a i l e d  s tudy o f  

ma te r i a l  balance,  e l e c t r i c a l  output and thermal c h a r a c t e r i s t i c s ,  t o  

achieve a very exact s tudy of non-equilibrium k i n e t i c s .  

t h i s  of i t se l f  of  considerable  importance, but f o r  t h e  f u r t h e r  devel- 

opment of f u e l  c e l l s  and f o r  t h e  assessment of t h e i r  f u t u r e  p o t e n t i a l i t y  

such information i s  imperative,  In e m j u n c t i o n  with t h e  r e c e n t l y  devel- 

oped p rec i s ion  ga lvanos ta t ic  techniques developed a t  Alfred,  t h i s  unique 

approach should provide information of profound importance f o r  a wide 

v a r i e t y  of  c a t a l y t i c  processes.  

It i s  extremely d i f f i c u l t  t o  s tudy 

Not only i s  

Without fundamental data based on t h e s e  various considerat ions,  

t h e  f u r t h e r  development of f u e l  c e l l s  can only be regarded a s  problem- 

a t i c a l .  An empir ical  approach can, i n  some cases ,  be j u s t i f i e d  but t h e  

present  s t a t u s  of f u e l  c e l l s  s t rongly  suggests  t h a t  basic  fundamental 

da ta  i s  imperative and t h e  above ou t l ine  suggests t h e  most r a t i o n a l  

and d i r e c t  approach. 
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EXPERIMENTAL 

Pu l se  Loading System 

I n  t h e  i n i t i a l  s t ages  o f  t h i s  program, a t tempts  were made t o  

ob ta in  s a t i s f a c t o r y  pulsed loading of f u e l  c e l l s  with varying du ty  

c y c l e  by t h e  use  of a dua l  e l ec t ron ic  t iming  c i r c u i t  d r i v i n g  e i t h e r  

a mechanical o r  a mercury relay a s  a load switch.  This proved unsat-  

i s f a c t o r y  owing t o  t h e  bounce of r e l a y  con tac t s  a t  t i m e  i n t e r v a l s  

s h o r t e r  than  l4 mill iseconds.  

of measurement, and recourse  was made t o  complete e l ec t ron ic  c i r -  

c u i t r y .  After extended c i r c u i t  t r i a l s  u s ing  a Parabam pu l se  genera- 

t o r ,  it was decided t h a t  t h e  l i m i t a t i o n s  imposed by any commercially 

a v a i l a b l e  u n i t  were t o o  r e s t r i c t i v e  in so  f a r  a s  t h e  frequency range  

on ly  extended t o  2000 cps and the  duty cyle from 20 t o  80%. 

c i r c u i t  descr ibed  in figure 1 was t h e n  developed t o  cover our  p a r t i -  

c u l a r  requirement and should be o f  s i g n i f i c a n t  i n t e r e s t  t o  o t h e r s  

making s i m i l a r  measurements i n  t h i s  f i e l d  and i n  t h e  genera l  f i e l d  

of  e lec t rochemis t ry .  The u n i t  comprises a p u l s e  generator  v a r i a b l e  

between 1 cps and 10,000 cps o r  higher with a primary duty  cyc le  of 

10 t o  908. This duty cyc le  i s  then extended by counter  c i r c u i t s  so 

t h a t  i t s  f i n a l  range, ob ta inab le  by switching, i s  from 0.1 t o  99.946. 

Performance i s  h igh ly  s a t i s f a c t o r y  and t h e  load  c i r c u i t  i n d i c a t e d  

permi ts  opera t ion  t o  approximately 3 amps t o t a l  ( r e a d i l y  increased  

t o  10 amps) with provis ion  f o r  re fe rence  e l ec t rode  measurements 

dur ing  t h e  of f-duty cyc le  under e s s e n t i a l l y  open-c i rcu i t  condi t ions  

(10” ohms, approximately).  

on a Varian recorder  under slower ope ra t ing  condi t ions  and f o r  o s c i l -  

This was regarded a s  t o o  r e s t r i c t i v e  

The 

Provis ion i s  included f o r  measurement 

loscope p resen ta t ion  a t  higher  pulse  r a t e s .  The u n i t  i s  now working 

s a t i s f a c t o r i l y  i n  a l l  major p a r t i c u l a r s .  
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Galvanostat i c  Measurements 

I n  t h e  absence of any commercially ava i l ab le  equipment which 

would be regarded a s  s u i t a b l e  f o r  our  purposes, a prec is ion  galvano- 

s t a t i c  c i r c u i t  has been developed in these  l a b o r a t o r i e s  and i s  shown 

i n  f i g u r e  2. This u n i t  possesses a s t a b i l i t y  of approximately 1 p a r t  

i n  20,000 over a t o t a l  cur ren t  range of 10 microamps t o  50 milliamps. 

It is  intended t o  extend t h i s  t o  300 ma i n  t h e  near  fu tu re .  A h e l i -  

po t  con t ro l  permits t h e  establishment of any exact cur ren t  within 

t h i s  range which i s  metered i n t e r n a l l y  while t h e  vol tage  f l u c t u a t i o n s  

across  t h e  electrochemical  c e l l  system a r e  observed e x t e r n a l l y  by 

Varian recorder  o r  osci l loscope.  

Using a constant  cur ren t  technique, t h e  change i n  p o t e n t i a l  of 

s eve ra l  e lec t rodes  was s tudied  as a func t ion  of time. A porous n i c k e l  

e l ec t rode  (Clevite #3) was immersed in a f r e s h l y  prepared 30% so lu t ion  

of  KOH which had been boiled and cooled in a n i t rogen  atmosphere t o  

e l imina te  dissolved oxygen. A constant cur ren t  generator was connected 

between t h i s  e lec t rode  and a platinum gauze counter e lec t rode ,  and a 

constant  cur ren t  of 10 ma was passed through t h e  c e l l .  

between t h e  e lec t rode  under study and an Hg-HgO (30% KOH) r e fe rence  

e l ec t rode  was measured by means of a p o t e n t i a l  d iv ider  and Varian 10  mV 

recorder .  The e lec t rode  was allowed t o  reach t h e  hydrogen evolut ion 

p o t e n t i a l ;  t h e  d i r e c t i o n  of current  f low was then reversed.  

oxygen evolut ion p o t e n t i a l  was reached, t h e  cur ren t  was again reversed  

and t h e  p o t e n t i a l  of t h e  e lec t rode  was allowed t o  f a l l  t o  t h e  hydrogen 

evolut ion p o t e n t i a l  

and oxygen was noted along with t h e  s lope  of t h e  double l aye r  region.  

The former i s  a measure of how well  t h e  e lec t rode  will s u s t a i n  cu r ren t  

The p o t e n t i a l  

When t h e  

The time required t o  desorb and adsorb hydrogen 
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i f  p laced  i n  a f u e l  c e l l  while  t h e  l a t t e r  y i e l d s  t h e  capaci tance of the 

e l e c t r i c a l  double l aye r .  

2 Nickel e lec t rodes ,  0.06 inch t h i c k  and 2 cm i n  geometric a rea ,  

manufactured by t h e  C lev i t e  Corporation, were f i r s t  s tud ied .  

n i c k e l  e l ec t rodes  of t h e  same type and dimensions were p l a t i n i z e d .  

p l a t i n i z a t i o n  technique included u l t r a s o n i c  bathing in 3% ch lo rop la t in i c  

ac id  f o r  20 minutes, s e v e r a l  r i n s i n g s  in d i s t i l l e d  water and e l ec t ro -  

p l a t i n i z a t i o n  a t  100 ma/cm 

same s t r eng th .  S tudies  i n d i c a t e  t h a t  with a constant  impregnation time 

i n  t h e  u l t r a s o n i c  bath,  t h e  double l a y e r  capac i ty  and, hence, t h e  su r face  

a rea  of  t h e  p l a t i n i z e d  n i c k e l  e lectrode,  does not  i nc rease  s i g n i f i c a n t l y  

a f t e r  approximately 5 minutes of p l a t i n i z a t i o n .  

N e x t ,  

The 

2 f o r  5’ minutes in another so lu t ion  of t h e  

Up t o  t h i s  t ime, t h e  

inc rease  v a r i e s  l i n e a r l y  w i t h  time. 

t h e  double l a y e r  capaci tance appears t o  increase  l i n e a r l y  with an in -  

With constant  p l a t i n i z a t i o n  t ime, 

c r ease  i n  impregnation t ime i n  t h e  u l t r a s o n i c  bath.  However, de t e r io ra -  

t i o n  of t h e  e l ec t rode  appears a f t e r  an extended per iod i n  t h e  bath. 

An apprec iab le  d i f f e rence  was noted between t h e  p l a t i n i z e d  and 

non-plat inized e lec t rodes  i n  both t h e  times of adsorpt ion and desorp- 

t i o n  and t h e  s lope  of t h e  double l a y e r  region,  a s  i s  shown i n  f i g u r e s  

3 and 4. An increase  in t h e  t ime of adsorpt ion and desorpt ion ind ica t ed  

t h a t  t h e  p o l a r i z a t i o n  should be less when t h e  e lec t rode  under s tudy  was 

employed a s  a f u e l  e lec t rode .  

p l a t i n i z e d  n i c k e l  were used a s  f u e l  e lec t rodes .  

t r o d e  was a b l e  t o  support  less than 10 ma/cm2. 

extreme p o l a r i z a t i o n  was observed. 

n i c k e l  e l ec t rode  i s  shown in figure 5. 

l a y e r  capaci tance i s  i n d i c a t i v e  of  an inc rease  i n  t h e  e f f e c t i v e  su r face  

a rea  of t h e  e l ec t rode  due t o  p l a t i n i z a t i o n .  

T h i s  was v e r i f i e d  when both n i c k e l  and 

The p l a i n  n i c k e l  e lec-  

Beyond t h i s  po in t ,  

The performance of t h e  p l a t i n i z e d  

The inc rease  i n  t h e  double 
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A t h i r d  group of e lec t rodes  was t r e a t e d  i n  a manner similar So 

t h e  second, employing a so lu t ion  3'4 i n  platinum and 3% palladium 

chlor ide .  

observed ind ica t ing  t h a t  t h i s  would be an even b e t t e r  f u e l  e l ec t rode  

t h a n  t h e  platinum. 

A marked increase  i n  adsorption and desorp t icn  t ime was 

This i s  shown in f i g u r e  6. 

The platinum-palladium-treated e lec t rodes  were then employed 

i n  a f u e l  c e l l  and t h e  p o t e n t i a l  was measured as a func t ion  of cur- 

r e n t  dens i ty .  Resul t s  of t h i s  measurement a r e  shown i n  f i g u r e  5. 
Prel iminary inves t iga t ions  a r e  being conducted on t h e  above 

e l ec t rodes  us ing  a constant  vol tage across  t h e  e l e c t r o l y s i s  c e l l  

used f o r  t h e  above ga lvanos ta t ic  s t u d i e s  and measuring t h e  cur ren t  

pass ing  through t h e  e l ec t rode  under s tudy.  

technique,  it is  hoped t h a t  t h e  k i n e t i c s  of t h e  formation and destruc-  

t i o n  o f  t h e  chemisorbed layers of gases can be s tud ied .  

Using t h i s  p o t e n t i o s t a t i c  
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